This paper investigates the effect of tax incentives on R&D activities in Taiwanese manufacturing firms. Specifically, we assess the potential R&D-enhancing effect on recipients of R&D tax credits compared with their non-recipient counterparts. Moreover, the potential difference in the R&D-enhancing effect between high-tech and non-high-tech firms is also examined. Utilizing a firm-level panel dataset during 2001 and 2005, empirical results obtained by propensity score matching show that recipients of R&D tax credits appear on average to have 93.53% higher R&D expenditures and a 14.47% higher growth rate for R&D expenditures than non-recipients with similar characteristics. The R&D-enhancing effect of R&D tax credits is not found to be particularly relevant to high-tech or non-high-tech firms. We further employ a generalized method of moment (GMM) of the panel fixed model to control for the endogeneity of R&D tax credits and firm heterogeneity in determining R&D expenditure. Various estimates based on the entire sample and high-tech-firms are quite similar and there is a significantly R&D-enhancing effect of R&D tax credits. This result suggests that the R&D preferential policy has induced more R&D expenditure by firms in Taiwan. While the existence of the R&D-enhancing effect brought on by tax incentives is intuitive, the estimates can provide insightful implications for the R&D tax policy.
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Introduction
The importance of innovation on economic growth has been highlighted by endogenous growth theories and evidenced in many existing studies.
1 Therefore, many countries' governments have tried to create a favorable innovation environment and protective regularity, aiming to promote firms' innovative activities and consequently to contribute to sustainable economic growth. However, innovative activity is essentially full of uncertainty as well as time-and money-consuming. Innovation is also recognized to have some characteristics of a public good, preventing the market from providing sufficient quantities of R&D from the perspective of social return. To bridge the gap between the private and social rate of return and foster industrial R&D activity, various policy measures have been launched to stimulate industrial innovation. Specifically, the R&D tax credit has become increasingly popular in some developed countries such as the U.S., Canada, and some OECD countries since the early 1980s.
2 Taiwan, one of the best performers among latecomers, has been very successful in narrowing the technological gap with its counterparts among leading countries during the past two decades, especially in the electronics industry. In terms of innovation input, Taiwan has devoted a gradually increased ratio of R&D spending to GNP that went from 1.62% in 1990 to 2.62% in 2007, which is similar to those of the U.S. and Germany.
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Taiwanese firms' patents have also grown extremely fast both domestically and in the U.S.
A study of "influential patenting" by the technology consulting firm CHI, Inc. placed Taiwan 4 th in the world in terms of the quantity of its U.S. patents in 2000 and it has remained at this ranking. Trajtenberg's (2001) study on an international comparison of patents granted in the U.S. also showed that Taiwan ranks high in terms of patents per capita, compared with the G7 and the other "Asian Tigers". This achievement is quite rare 2 in the developing world and has almost uniformly failed to happen outside of Asia or within Asia. During the process of technological development, the Statute for Upgrading Industries (SUI) that applies tax incentive, subsidies, and supporting measures to assist innovative activity is considered one of Taiwan's key industrial technology policies (Lien et al. 2007 ).
Since economists have been generally skeptical regarding the efficacy of tax incentives, and the tax implementations of the SUI will expire in the end of 2009, it inspires a legitimate question of concern: Has the R&D-preferential policy induced greater R&D expenditures and a higher growth rate of R&D expenditure from firms in Taiwan? From the perspective of public finance, the tax bases erosion attributed to R&D incentives is possible one cause of fiscal shortage. Whether or not the limited government resources should be used to encourage innovation depends on the efficacy of these measures on inducing much greater innovations and then contributing to sustainable growth.
Given the knowledge economy, knowledge-based industries are thought of as the most important industries to support sustainable economic growth, and therefore many countries are aggressive in developing these knowledge-based industries (usually high-tech). High-tech industries are generally more R&D intensive and are also the primary recipients of R&D tax credits in the U.S. (Wu, 2008) as well as in Taiwan. It inspires another interesting and important issue: Does the R&D-inducement effect, if any, differ between high-tech and other industries in Taiwan? Paff (2005) finds that state-level R&D incentives do not appear to have equal incentive effect across industries, and the industries she examined are high-tech, R&D intensive industries (biopharmaceuticals and prepackaged software industries). In practice, many so-called traditional industries (usually less R&D-intensive) put up criticism, as R&D tax credits work more favorably for high-tech firms in Taiwan. Actually, innovative behavior is strongly related to the technological environment surrounding a firm's location. 3 In industries with high technological opportunity, the technological environment faced by these firms which are relatively fertile results in a more prevalent and higher R&D expenditure among firms. Alternatively, the appearance of innovation is relatively rare in the environment of low technological opportunity, implying that the patterns of innovative activity within that industry should be less R&D intensive and fewer firms should engage in R&D. To enforce the policy of R&D tax credits more efficiently, one possible improvement is the setting of various tax credits across industries. Therefore, assessing the potential difference of the R&D-inducement effect of R&D tax credits across industries provides insightful implications for policy implementations.
One primary difficulty encountered when using firm-level data to evaluate the effectiveness of an R&D tax credit within a country is the variation between firms in the effectiveness of the credit (Bloom et al. 2003) . Most existing studies, by using linear regressions, treat tax incentive as an exogenous variable. However, the differences in tax position and expectations regarding future R&D expenditure induce an endogenous problem on choice of tax credit application. To assess the effect of R&D tax credits, it is important to correct for the selection bias, because the recipients of tax credits may differ systematically in some firm characteristics from non-recipients (Czarnitzki et al. 2004) . In this paper we adopt a non-parametric technique of propensity score matching (PSM) method developed by Heckman et al. (1997 Heckman et al. ( , 1998 to correct the possible selection bias.
Moreover, firm heterogeneity is potentially a key factor in influencing the assessment of R&D-inducement effect of R&D tax credit. Hall and Van Reenen (2000) find that the way in which the R&D tax credit creates heterogeneous emerges in many ways and often perverse incentives has been a key feature of the debate on the desirability of R&D tax credits. While the PSM approach can deal with the selection bias problem, it does not take the unobservable firm heterogeneity into account. Fortunately, there is detailed information concerning the amount of deduction of Second, we further separate samples into high-tech and non high-tech firms to examine the potential differences in the effectiveness of an R&D tax credit. It is widely criticized that a uniform tax credit system for all industries is not appropriate, because the degree of R&D activity could differ substantially across industries under various types of technological opportunities. Therefore, examining the potential difference in the effectiveness of R&D tax credits across industries provides insightful reference for the further revision of R&D tax credits. Third, this study employs the propensity score matching (PSM) method to correct the selection bias endogeneity of the innovative 5 activities and R&D tax credits. This enables us to compare the R&D activities of R&D tax credit recipients and non-recipients. Owing to the comprehensive nature of the information on the amount of R&D tax credits contained in our dataset we further examine the marginal, rather than the treatment, effect of R&D tax credits on firms' R&D expenditures. In this context, this study employs the technique of GMM of panel fixed effect to deal with the problem of unobservable firm heterogeneity and then assesses the effect of R&D tax credits on the firms' R&D efforts more appropriately.
The remainder of this paper is organized as follows. The next section provides a brief review of the literature on R&D tax credits. Section 3 introduces Taiwanese R&D incentive measures and describes the data used in this study. Section 4 presents the empirical model and then examines the R&D-inducement effect of an R&D tax credit by using the propensity score matching method. The findings from further investigation into the marginal effect of R&D tax credits on R&D across industries are presented in Section 5. The final section concludes with the main results and their policy implications.
Literature Review
While the importance of R&D in economic development and sustainable growth is well-recognized, economists generally think that private R&D is under-investment in terms of social optimal level due to imperfect appropriability conditions of new knowledge (Davis et al., 2000) and financing gaps induced by asymmetric information (Hall, 2002 ) . Therefore, governments generally adopt various policy instruments to foster industrial R&D activity directly or indirectly, such as tax incentives, subsidies, government R&D labs, and investing in higher education.
Two primary policy tools applied by governments to stimulate firms' R&D are direct subsidies and tax incentives. While direct subsidies (either R&D contracts or R&D grants)
can increase private R&D investment significantly, they may simply substitute for some 6 R&D investment that the performing firms otherwise would have prepared to undertake (Wu, 2005) -that is, it crowds out firm-financed R&D expenditure and ultimately has no impact whatsoever on such activities (Wallsten, 2000) . 4 Moreover, Wu (2005) argues that public R&D subsidies may negatively affect private R&D investment by reducing the upward pressure on the prices of such R&D inputs as the wages of scientists and engineers.
Alternatively, the instrument of tax credits reduces the cost of private R&D and seems to be a market-oriented mechanism, because it leaves the choice of how to conduct and pursue R&D programs to enterprises. Although an R&D tax credit is just one of several policy instruments on R&D and is far from the panacea for failure in the market of innovation, it has become a common strategy in many countries compared with government direct subsidies and/or conducting the R&D program directly (Klette et al., 2000) .
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The wide and increasing prevalence of R&D tax credits has attracted a high degree of concern among economists and policy makers regarding whether and/or how effective are tax incentives for R&D. An emerging amount of studies have utilized various methodologies to evaluate the effect of the tax system on R&D behavior (cost) since the early 1980s. Hall and Van Reenen (2000) provide a comprehensive summary of the literature and indicate that a dollar in tax credit for R&D stimulates about a dollar of additional R&D expenditure. As the tax treatment of R&D becomes more lenient, they also argue that it is likely that countries will increasingly turn to the tax system and away from direct grants.
There are also some studies on tax incentives examining the impact of fiscal incentives on the level of R&D investment, which mainly concentrate on country or state level.
Based on nine OECD countries (Australia, Canada, France, Germany, Italy, Japan, the U.S.
7 and the U.K.), Bloom et al. (2002) 1994-1996 and 1997-1999 . Empirical estimates obtained from difference-in-difference provide some evidence that firms increase R&D expenditure significantly, while R&D incentives do not appear to have equal incentive effects across industries. It sheds light on the unequal role played by tax credits for R&D investment across industries. Moreover, she finds much higher tax price elasticity than the existing literature's estimates near unity.
One possible reason is that the firms she examines are biopharmaceutical and software firms which are highly R&D-intensive.
Different from previous studies focusing on the tax price elasticity, Czarnitzki et al. 
Taiwan's R&D Incentives and Data Description
Taiwan's R&D Tax Credits
Over the past three decades, Taiwan's government has undertaken several measures to encourage firms to devote more to innovative activity and to promote their technological capability. The most well-known industrial technology policy in recent years is the Statute for Upgrading Industries (SUI), which was put into practice on January 1, 1991.
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Contained within the SUI, there are various articles concerning tax incentives, including: accelerated depreciation (Article 5), investment tax credits for R&D, personnel training, automation and pollution control (Article 6), investment tax credits for the newly 9 emerging, important and strategic industry shareholders (Article 8) as well as five-year holiday or shareholder investment tax credits for the newly emerging, important and strategic industries (Article 9). While the first two are functionally encouraging, the last two are industry specific. The SUI also includes tax credits for those investing in scanty areas (Article 7), aiming to improve the overall investment environment.
Article 6 is the most important policy measure that is particularly relevant to R&D tax credits. More specifically, this tax incentive is the long-standing instrument adopted to encourage firms to promote their R&D activities in Taiwan. Aggregate evidence shows that the SUI has stimulated firms' R&D activities and economic growth, e.g. Chen (1995, 2000) , Lee et al. (2005) , and Yang et al. (2006) , supporting the claim that this statute should be extended. However, as indicated by Yang et al. (2006) in that the tax incentives cause the problem of tax distortion, it is therefore important to clarify the R&D-inducement effect of R&D tax incentives.
9
Although the discussions regarding the SUI and macroeconomic policy have attracted widespread interest in Taiwan, the question of how R&D tax credits affect firms' R&D investment has not been thoroughly addressed, suggesting the need for more empirical evidence at the firm level to fill this gap as well as to provide new evidence to the existing literature.
Data Source
On examining the potential impact of tax incentives on firms' R&D activities, one primary obstacle encountered is the availability of detailed information on firms' usage of [Insert Table 1 approximately here]
Before turning to the empirical estimations, the features of the R&D tax credits taken up by the sample firms are briefly introduced. Table 2 shows some basic statistics for recipients and non-recipients of R&D tax credits in terms of the whole sample, high-tech, and non-high-tech firms, respectively. We clearly see that both average R&D expenditure and the growth rate of R&D expenditure of recipients of tax credits are substantially higher than those of non-recipients, suggesting that the recipients have a better innovation performance than non-recipients in terms of R&D activity. It also implies that there is a potential R&D-enhancing effect for firms receiving the R&D tax credit. In addition, the ratio of receiving R&D tax credits, in terms of firm number, within non-high tech firms is 10 The Taiwan Economic Journal is a commercial company that has a fine reputation for collecting and summarizing the information for companies listed on the Taiwan Stock Exchange. The TEJ databank is reliable and widely adopted by most universities in Taiwan as well as financial sector firms. This data bank contains comprehensive information for balance sheets, financial statements, annual reports, and so on.
only 12.82% which is much lower than that of their high-tech counterparts at 65.65%.
Furthermore, the figures in Table 2 reveal that larger and younger firms are apt to receive the R&D tax credits. However, firms with high capital intensity are not inclined to receive the R&D tax credits, as they have mainly applied for tax credits for automation and pollution control, rather than R&D tax credits, and this has especially been the case with non-high-tech firms.
[Insert Table 2 approximately here]
The preliminary descriptive analyses show that the R&D tax credits seem to act as an 
Do R&D Tax Credits Induce More R&D?
Empirical Setting and Estimating Technique
Unlike previous studies which estimate the tax price elasticity of R&D, we first employ the PSM approach to examine the effectiveness of R&D tax credit in Taiwan -that is, we ask the question: What had the firm done in the absence of R&D tax credits? From the point of econometrics, the PSM approach can effectively deal with the endogenous problem when we evaluate the R&D-inducement effect of tax credits. The effect of R&D tax credit on R&D is much like a "treatment effect". It means that we investigate the question of what would a treated firm (recipients of R&D tax credits) with given characteristics have done if it had not been treated. However, the treated firms are usually not selected randomly from a population, but are self-selected based on certain criteria, inducing the comparison of simple averages of a treatment group and a control group to yield biased estimates of the treatment effect. The propensity score matching (PSM) 13 method developed by Heckman et al. (1997 Heckman et al. ( , 1998 provides as an appropriate approach.
The concept of a PSM approach compares treated firms with a selected non-recipient group with similar characteristics rather than all non-recipients. The estimation steps are as follows. First, let a dummy variable T equal 1 if the treatment is received; 0 otherwise. We assume:
Here, Y denotes R&D activity, β and X are the respective vectors of parameters (including a constant term) and exogenous variables. Term ε is a random error term with zero expectation. This term picks up the effects of unobserved factors that may affect the outcome, but are uncorrelated with the variables X.
We let i g 1 indicate the R&D expenditure (or growth rate of R&D expenditure, G_RD)
of firm i if it did not receive R&D tax credits in the initial year, but did so after 1 yearthat is, treatment occurs and T equals 1. Alternatively, assume i g 0 denotes the R&D expenditure (or growth rate of R&D expenditure) for firms which did not receive R&D tax credits during the period (treatment does not occur, T=0). The average treatment effect is therefore:
One problem obviously arises: while the outcome of the treated firms (recipients of R&D tax credits) is observable, it is not the case for the non-recipients -that is, i g 0 is unobservable. What would these firms have realized if they had not received the treatment?
The above causal inference relies heavily on construction of counterfactual observations. Therefore, we need rich data on firms that have similar observable characteristics in the initial period, but did not receive R&D tax credit during the period. The average R&D
14 To construct a valid control group, Rosenbaum and Rubin (1983) suggest matching on the propensity score with the probability of receiving a treatment conditional on the covariates. Thus, we assume selection in the program is governed by the latent regression:
Here, δ denotes coefficient and Z denotes a vector of determinants influencing a firm's decision regarding to R&D tax credits. This enables us to compute the probability of a firm's decision to adopt R&D tax credits. With the propensity score of choosing to receive R&D tax credits, we can run the matching algorithm and find the appropriate counterfactual.
Within the matching process, the most important issue is to balance the distribution of the pre-treatment observable characteristics between the treatment and control groups. We therefore adopt Leuven and Sianesi's (2003) approach to proceed with the estimation. To ensure the validity of the results, three different criteria are adopted to determine the optimal matching: kernel matching, nearest-neighbor matching method, and caliper matching. 
Empirical Results
We first estimate the Logit model to get the propensity of a firm's decision on whether or not to apply for the R&D tax credits. The second step is to use the predicted propensity scores to match R&D tax credit recipients with non-recipients which possess similar observable firm characteristics. In the first stage of the Logit regression, seven variables are included: a dummy variable for the firm's previous R&D status (D_RDSTA), logarithm of firm size (lnSIZE), firm age (AGE), logarithm of capital to labor ratio (lnKL), one year lag of advertisement intensity (ADVR1), one year lag of profitability (PROFIT1), and the export ratio (EXPR). Table 3 displays the estimation results for all manufacturing firms, high-tech firms, and non-high-tech firms.
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[Insert Table 3 approximately here]
Estimates obtained by using the entire sample, high-tech firms, and non-high-tech firms are quite similar, but the impacts of determinants are less significant for non-high-tech firms. The propensity of manufacturing firms to apply for R&D tax credits is found to be positively associated with previous R&D status, firm size, profitability, and the export ratio. The results suggest that R&D experience, larger, more profitable, and export-oriented firms have a higher probability of self-selection for becoming R&D tax credit users. This is economically intuitive owing to the fact that firms may possess these characteristics which make them particularly innovation-prone, i.e., more likely to engage in R&D. However, firm age, capital intensity, and advertisement intensity appear to have negative impacts on the propensity to apply for R&D tax credits. This suggests that young firms which engage in R&D tend to rely more heavily on deduction of R&D of business tax. On the other hand, the negative impact of capital intensity on the propensity for R&D tax credits is partly because firms with higher capital intensity tend to apply tax credits for automation and pollution control rather than for R&D tax credits.
We next retrieve the propensity scores from the Logit model to match R&D tax credit recipients with non-recipients under similar observable characteristics. The outcome variables are the growth rate of R&D expenditure and a firm's current R&D expenditure. 
Does the R&D-inducement effect differ between high-tech and non-high-tech industries?
Turning to the separated estimates for high-tech firms and non-high-tech firms, Table 5 displays the results obtained using various matching methods. While the estimated results overall suggest a significantly positive impact on R&D growth and R&D expenditure for both high-tech and non-high-tech firms, the corresponding R&D-inducement effect seems to vary substantially between them. Various matching methods reach more consistent results for non-high-tech firms, and recipients of R&D tax credits will have a higher (32%) R&D growth and a higher (64%) R&D expenditure than non-recipients.
[Insert and 86%, respectively. This suggests that the treatment effect of R&D tax credits on a firm's R&D growth seems to be stronger for non-high-tech firms than for their high-tech counterparts. In contrast, the R&D-inducement impact on R&D expenditure seems to be higher for high-tech firms, probably from the fact that high-tech firms usually devote more outlays on R&D investment and they pay more attention to applying for R&D tax credits.
Drawn from previous analyses, public R&D incentives will not crowd out firms' R&D investment in Taiwan, while private R&D expenditure increases are significantly induced by R&D tax credits. The inducement effect appears to be accelerating, because recipients of R&D tax credits experience a much higher growth rate on R&D expenditure. Moreover, we find that the impact of R&D tax credits differs across industries, which is consistent with findings in Paff (2005) .
Assessing the Matching Quality
As discussed in subsection 3.1, the basic concept of the PSM approach is in constructing the matched control group in the context of the matching analysis. In the matching process, it relies on the idea of balancing the sample of tax credit participants and comparable non-participants. Remaining differences in the outcome variable between two groups are attributed to the treatment (Heckman et al. 1997) . This reveals that the distribution of the pre-treatment observable characteristics between the treatment and control groups is the key factor to determine whether the matching results are reliable. We therefore assess the balancing of the distribution of covariates used in the propensity scores estimation within each of the matching exercises. The detailed results for the matching statistics are shown in Tables 6 and 7. [ Insert table 6 and table 7 approximately here] reduced from 88% to 100%, it suggests that the matching procedure is effective. 12 In addition, the mean absolute bias in the matched sample ranges between 1.6 and 1.9, whereas it is nearly 50 in the unmatched sample. Based on the suggested criterion proposed by Sianesi (2004), we check the joint statistical significance of the covariates and the pseudo-R 2 of the propensity score in the estimation procedures for the unmatched and matched samples. As shown in the second bottom row of Panel B, the pseudo-R 2 comes to a value close to zero in the propensity score estimation that uses the recipient firms and the matched control units. Finally, the results of the LR-test also provide evidence that the matching has successfully eliminated any systematic observable differences between the treated and control groups. In sum, the above statistical tests lend strong support to the validity of the previous matching results.
Further Investigation into the Marginal Effect of R&D Tax Credits
The main advantage of the PSM approach is that it helps to reduce sampling selection bias arising from observable differences between the treatment and control groups, while it suffers a serious drawback in that it does not control for the unobservable characteristics across firms that may exist between recipients and non-recipients of R&D tax credits.
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Fortunately, one advantage of our dataset is that it contains the amount of R&D tax credits, enabling us to examine the marginal rather than the treatment effect of R&D tax credits on firms' R&D activities. Thus, we further include the taxation remit of the R&D tax credits and employ the technique of GMM for panel data model to examine the marginal effect of tax credits on firms' R&D expenditure.
Empirical Specification and Estimation Techniques
To estimate the impact of tax credits on firms' R&D spending, this study refers to previous studies that discuss the determinants of R&D and then specifies the following simple log-linear equation: 
The dependent variable lnRD it denotes the logarithm of R&D spending of firm i in year t.
As for the explanatory variables, theoretical and empirical studies have identified various determinants. Because this study aims to examine the marginal effect of the R&D tax credits on firms' R&D expenditure, the taxation remit of a firm's R&D tax credits RDTAX in logarithmic form (lnRDTAX) is the primary variable in equation (4).
The explanatory variables include the following three firm characteristics; namely, firm size (SIZE), firm age (AGE), and capital intensity (KL). The size of a firm is measured by the logarithm of employment. Large firms usually have obvious advantages in terms of their ability to support R&D. The famous Schumpeter hypothesis points out that firms wielding monopolistic power (usually larger firms) tend to engage in innovation and this hypothesis has been supported by many empirical studies. 13 Alternatively, Audretsch and Acs (1991) find that small firms tend to outweigh large firms in terms of innovation performance when operating in a more technology-intensive environment. As for the potential impact of the firm's age on R&D, there is a potential learning-by-doing effect on innovation and that incumbent firms have an advantage over their younger counterparts in 13 For example, please see Lerner (1995) and Hall and Ziedonis (2001) .
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terms of R&D management. Therefore, a positive relationship between firm age and R&D is expected. The term lnKL denotes a firm's capital intensity, measured as the logarithm of physical capital per employee. A firm with higher capital intensity usually engages in more R&D to improve its production process in Taiwan. We therefore observe a positive association between capital intensity and R&D.
Advertising expenditure (AD) is an important strategy conducted by firms in order to respond to the competition in markets, and this variable is employed to proxy the toughness in market competition. The financing of innovation has been widely studied in the previous literature. 14 Thus, a firm's profitability (PROFIT) is also included to measure the availability of internal financial resources and is expected to have a positive impact on a firm's innovation. To avoid the simultaneous causality between a firm's conduct and performance, both above variables enter the equation in the form of a lag of one year.
Under the circumstance towards globalization, firms have more opportunities to acquire technological knowledge through knowledge spillovers in international markets and then spur their additional R&D activity. 15 We therefore include exports (EXP) and outward foreign direct investment (FDI) as explanatory variables.
Estimation of the Results
One econometric problem that suffers in the estimation procedure is the endogenous causality between R&D tax credit and R&D investment, which is also the reason why we previously adopted the PSM approach. Therefore, we use the Wu-Hausman test to detect the existence of the endogenous problem. If no endogeneity is found, then we employ the technique of the panel fixed effect model to deal with the unobserved firm heterogeneity.
Correspondingly, when endogeneity is detected, the GMM method provides an alternative technique. Using the adequate instrumental variable to deal with the endogenous variable, this approach provides asymptotically efficient estimators even under a weak assumption on the disturbance and is robust in the presence of heteroscedasticity across firms, which shows a correlation of disturbances within countries over time.
The testing results indicate that there is an endogenous causality between R&D tax credits and a firm's R&D investment for the entire sample and the category of high-tech firms, but this endogenous problem is not significant among non-high-tech firms.
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Therefore, we adopt the technique of the GMM to conduct the empirical estimation for the entire sample and high-tech firms. 17 In addition, the technique of the panel fixed effect model is employed to estimate the impact of tax credits on R&D expenditure for non-high-tech firms. Table 8 reports a series of estimates of the R&D equation specified in equation (4). Left and middle columns are estimates obtained from the GMM fixed effect model for all firms and high-tech firms, respectively. The right column of Table 8 displays the results of the fixed effect model for non-high-tech firms.
[Insert Table 8 approximately here] To what extent does the R&D tax credit stimulate private R&D expenditure? We first look at the variable of concern in this study: lnRDTAX. The estimated coefficients for the variable of R&D tax credits are positive and statistically significant at least at the 5% statistical level in all estimates, after controlling for other potential influences. The result is consistent with the previous findings in the PSM estimates that R&D tax credits do foster firms to increase their R&D investment. The estimated elasticity of R&D with respect to R&D tax credits is 0.197 for all firms, 0.149 for high-tech firms, and 0.081 for non-high-tech firms. While the marginal effects of R&D tax credits on R&D expenditure for high-tech and non-high-tech firms are estimated using different econometric techniques, the higher coefficient attached with R&D tax credit variable in column (2) 16 To save space, the estimating results of Wu-Hausman are not shown in this study, but are available upon request from the authors. 17 We adopt a one-year lag variable of R&D tax credits as the instrumental variable for R&D tax credits. Before discussing the impacts of determinants, we have carefully assessed the effectiveness of the instrumental variable. Using the F-test developed by Staiger and Stock (1997) , the statistic value shows that the null hypothesis is rejected, suggesting that the instrumental variable used in this study is effective.
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suggests that the tax policy is more relevant to high-tech firms' R&D expenditures. This finding is consistent with that in previous PSM estimates.
The estimated coefficient on lnRDTAX suggests that a one dollar taxation remit of R&D tax credit induces 0.197 dollars more of R&D expenditure in Taiwan. The marginal effect of R&D tax credits on a firm's R&D activities is similar to the finding in Lan and Wang (1992) , 18 suggesting that the R&D preferential policy of tax credit has induced additional R&D investment engaged by firms. However, the effect of the R&D tax credits seems to be more relevant to high-tech rather than non-high-tech firms.
With respect to observed characteristics, the estimates show similar results for both of the samples of all firms and high-tech firms. The positive impact of firm size on R&D expenditure supports Schumpeter's hypothesis that large firms (usually having market power) are more inclined to have the wherewithal to exploit innovations. The results also
show that capital intensity serves as a crucial factor of innovation propensity. The amount of export (lnEXP) is found to have a significantly positive impact on firms' R&D, lending evidence to the importance of international linkage on domestic R&D activity. However, the results of the fixed effects model for non-high-tech firms are quite poor.
To provide a more precise observation on the question of the importance of the tax incentive on fostering a firm's R&D activities, this study further estimates equation (4) using data year-by-year to obtain the elasticity of R&D with respect to R&D tax credits for individual year. Table 9 summarizes the results. [Insert Figure 2 approximately here]
To summarize, the above analyses give strong evidence for the positive impact of R&D tax credits on private R&D. Because the way of calculating R&D elasticity is different from that in Hall and Van Reenen (2000) and Bloom et al. (2003) , we cannot compare the impact of a tax incentive on the level of R&D expenditure in Taiwan with that in OECD countries directly. Even though the econometric estimates show a considerable R&D-inducement effect brought on by the tax incentives in Taiwan, it is an encouraging result from the government's point of view having implemented policy tools, mainly the Statute for Upgrading Industries (SUI), to encourage and promote private R&D.
Concluding Remarks and Policy Implications
Although the effectiveness of fiscal incentives for private R&D has attracted widespread interest in many developed countries, it has received much less attention in the newly industrialized economies (NIEs) and developing countries. Taiwan is one of the 24 most successful NIEs regarding innovative performance in the world over the past two decades, especially in the technological field of electronics. One possible reason is that the government has long-standing tax incentives adopted to foster private R&D. Economists have traditionally been skeptical over the efficacy of any fiscal provisions. Is the R&D tax credit really an effective mechanism to stimulate firms to invest more R&D? This issue is particularly important and topical to Taiwan, because the tax credit policy attached in SUI will expire at the end of 2009. The government must decide in the near future whether to extend the tax credit policy or make a change in part, if not completely.
This paper aims to evaluate the impact of tax credits for R&D activity in Taiwan.
Different from previous studies focusing on estimating the tax price elasticity of R&D based on the information of R&D cost, we first adopt the propensity score matching to simulate the scenario of how the treatment of R&D tax credits affects firms' R&D activity.
The PSM approach helps to correct the selection bias that is not well dealt with in previous studies. In the second step, to control for the unobservable firm heterogeneity between treated and control groups which may affect R&D activity, this study employs the technique of the GMM for a panel data model to estimate the elasticity of R&D with respect to tax credits. Notes: % bias is the standardized bias as suggested by Rosenbaum and Rubin (1985) reported together with the achieved percentage reduction in |bias|.
39 
